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The od-Jeotive of tnis investigation was to study the flow field 
in the imnodiate vicinity of a finite cone ani to compare tne results 
x.th analytical velues for an infinite cons. Preesure distribution 
over the surface of & 70° cone and the seneral cheracteristics of the 
shock wave were investigated. The tests were conducted at five Mach 
numoers covering the four recimes of fiow. Pertioular attention 
was given to the conditions at the upsx of the cone. The lov.tions 
of the intersection of the sonic line with the surface of the cone 
and with the shock wave were determined. 

In general the tests demons trate that at the apex of a finite 
cone the pressure and the shock wave angle closely approach the values 
predioted by analytical methods in. the four regimes of flow. 

The tests were conducte?i in the GALCIT 2.%" Supersonic Wind 


Tunnel. 
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the Oojactive cf this inmvestisuticn was te study the flew field 
in the waaedidte vicinity of « finite cone Bnd te compura the. results 
with snalyticnl values for an infinite cone. A previous inveaticzation 
wus made S,; Murschner (Ref. 1,. The results of this were inconclusive 
for conditions near the apex of tne cone at Mach numbers near the 
attachment Nach numoor. fiso, Seoause of the selection of tae oone 
anvle, his results were not direotly comparable to tne analytical 
solutions »y Kopal (Ref. 2). 

This investigation was meade on «& oirculer cylinder with a (Sl 
conical nose since this was one of the cone angles for wnich the 
tanular solution was availavle in (Ref. 2,. The pressure distrivoution 
over the surface of tho cone and the general characteristics of the 
shock wave at each flow condition were investigated. The looction of 
the points at which the looal Mach number became one, both on the 
surface of the cone and immediately behind the shock wave, were 
determined. Partioular attention wis given to conditions close to 
tne apex of the cone. This was accomolished by the use of = diameter 
for the cylinder just slizhtly smaller than the blooking size for the 
tunnel at the lowest test Mach number, and by the use of a pressure 
orifice as close as possible to the apex of the cone. Five test Mach 
numbers were selected in order that the flow over the cone could 5¢e 


investigated in all four regimes: detached shock with subsonic flow 


vetween the shook wave and the cone, attached shock with subsonic flow 


vpetween the shock weve and the cone, ittached etook with mixed flow 
vetween the shock wave and the cone, and attached shock with supersonic 
flow Sefiwresa the shock weve @nt She cere: Twr of the tast Mech nuaters 
were cloan to the attanhbment Mach nenbvber. The Mach nunsers sel-eted 
i: cotehe the Soeur re-imes weret 1.49, 1.656, 15894, 1596, sand 1.887. 
sheoreticosl results fer infinite comes have deen tabulcted by 


Fopoi Ref. 2,. Trese omlytical rés»lts show for the 70° infinite 


cone trat: 





Tnitial Mach Wave Positicn Mach Number Surface Mach 
hander After Shook Number 
1.000 € 4 < 1,681 Detached Subsonic | Subsonic 
1.681 < M < 1.769 Attached Subsonio Subsonic 
1.769 < MH < 1.911 Attached Supersonic Subsonic 


1.911 < ¥ < oO Attached Supersonic Supersonic 





Il, BQ Pera 220 Pe OCR RT. 


The models used for this investigation were machined from brass 
with an &pex ensle of 70°, The oylinder diameter selected was .5 
inches to oot&in a size which would furnish the largest conical surface 
but which would not block the tunnel at ‘iach number of 1.49. 2 series 
of eight models were used in order to make pressure measurements on 
the surface of the cone and oenind the shoulder. Fach model has a 
pressure orifice located on the cone, es shown in Fig. 1. Other than 
the lcooation of the pressure orifice the models were identical. The 
number one orifice was ».laced as close to the &pex as possible; the 
otners were epaced over the remaining oonical surface and vehind the. 
shoulder. 

The wind tunnel used for the tests was the GALCIT Superronio Wind 
Tumnel. The tunnel is of closed throat, rectangular crossesection, 
sincle return type. The test section is 2.5” by 2.:5". Complete details 
of the tunnel are given in GALCIT publication (Ref. 3}. fror two of the 
tests, Mach numbers 1.636 end 1.997, fixed nozzle blocks were used. 

A flexible nozzle was used to obtain the cther thras Mach numbers: 1.49, 
1.694, and 1.86. A description of the flexible nozzle and adjusting 
equipment is outlined in (Ref. l1,. Mach nosgie was oalibreted b an 
axiel static: tube. The results of these calibrations are shown in Pi-. 2. 

Pressure date was measured on each of the eisht models at eascn ‘oh 

number vy the use of mercury Uetuve manometers. 411 measurements wore 


made at zero angle of attack relotive to the flow. The sero an,-lo was 


determined for each model for every test. The procedure followed for 
this was to vlace the orifice of the model in an ur position and 
measure the nressure for severnl anrles of attack relative to an 
arbitrary zero. The orifice was then niaced in a dow position and 
the pressures messured at these same ancles. From a olet of these 

the zero anzle of attack relative to the flow wae determined. A 
samgle rlot of this procedure is shown in Fir. 3. The model moa then 
set to thie position and the orifice pressure checked with the orifice 
in both vositions, 

With the model at sero angie of attack, a Schlieren picture was 
taken. The orifice pressure, the wind tunnel settlinz tank stanation 
pressure, anc @ representative test section wall orifice pressure were 
recorded. Throughout the tests the relative humidity of the tunnel 


was maintained betreen t70 and four rer cent % the dryer. 


o5e 


Ili RASILTS AND DISCUSSION 


in Fig. 4 sre given the symbols used in the reduction and presene 
tation of data. The pressure measurements obtained were reduced to 
non-dimensional form, a Px, Pg being the particular orifice pressure 
and Fo, the stagnation pressure in the ‘settling chamber of the tunnel. 
Pig. 5 through 9 show the results for each Mach number of P,/P, plotted 
against s/x. x/s is the distance of the vcarticular orifice from the 
apex of the cone divided by the slant distance of the surface of the 
cone. In Fig. 10 is a summry of this data. The variation of P,/P, 
for each orifice with Mach number is shown in rig. ll. 

The pressure measuresents were also reduced to the nonedimensional 
form of Pgs", P,' being the reservoir pressure benind the shock 
wave at che anex. For Mach numbers of 1.49 and 1.636 the normal shock 
wave relations were used to determine »,'. The obligue shock wave 


relations were used *o determine ©,' for Mach numoers with attached 


° 
shock wave. Fi. 12 through 16 show P,/?,' plotted against x/s, with 
a summary in Piz. 17. The variation of P,/P,' with Mach number is 
snown in Fiz. 18, 

The Schlieren necatives were projectei and the wave an:les 
measured @% various stations rrom the centerline of the cone. In 
Pis. 19 tne snock weve pattern is shown six times actucl size. In 


Je 


458. 20 throusn 24 is plotted the variation of the wave an;sice, O_, 
w 


with "/), Y ceing the distance from the centerline of tho cone and JD, 


tae cylinder dicmeter. Fron the angles tre Mach number, Mo, dehind 


aim 


the wave was computed >, the oblique shock wave theory and plotted. 
A summary of a and 4, is shown in Figs. 25 and 26. 

Por the Mach numbers of 1.49 and 1.636, the stagnation pressures 
oehind the shock wore computed from the normal shook relations. These 
were plotted in Figs. 5 and 6 It is seen from the test data that the 
surface pressures for these t7o cases increase toward the apex of the 
cone and tend to Syproach the stagnetion pressure. frrom the staprnation 
pressure behind the shock, the pressure for M = 1 was computed and 
plotted eat x/s - l in the figures. The tests chow reasonable agreement 
with these anelytical velues. 

From Xopal (Ref. 2, 2 theoretical curve of ry. with Mach number 
for the 70° infinite cone wos made in Fire 27. The values of PEPE for 
M~* 1.694, 1.86, and 1.997 from this curve were plotted in Fige. 7, 8, 
and 9. in euch case tre test resulte show that the surface pressure 
closely approached the anelyticul velues et the apex ot the cone. From 
Fo’ the value of P,s/Py for & * 1 was computed and plotted for M = 1,694 
and 1.66. At B- 1.694 it appeers that a locel Mech number of one is 
ret.ched et en x,e of .975. at = 1.86 this value is reached at an 
x/s of .5. These tests indioate that the point, at which the local 
Mach numoer ret.chel one, moves down the surface of the conc from the 
snoulder towerd the tupex &s the Uach nuaber increases, until the whole 
region is supersonic. usin; the Prandtle¥feyer expansicn relations, the 
pressure “ut the shoulder of the cone wes computed and plotted In Fis. 9 
fone 16097. 

in Figs. el and 22 is shown the fact that the shock angle approaches 


the normal shock at ths centerline of the cone for the detached cases. 


i, reached one at a Y/D of .96 for ¥ ~ 1.49, and at .83 for M = 1.636. 
& theoretioal curve of the shock weve anz:le, C a with Mach number 
for the 70° infinite cone was drawn in Fir, 28 from (Ref. 2). These 
values for the threo attached shock waves were plotted in Figs. 23, 
24, and 25. From these it is seen that the measured wave angle at the 
apex was in close agreement with the am lyticesl results. For tne test 
Mach number of 1.694, MH) equaled 1 at a ¥/D of .67. For the Mach 
numv.ers of 1.86 and 1.997, Ko was at all points supersonic. In Figs. 
29 through $5 are representative Schlieren photo,raphs taken during 
the tests. 

The results of these tests are in agreement with the results 
obtained in (Ref. 1,. The voatterns of the p-essure distrioution 
curves exhibit the sane ceneral omracterist.cs. in doth there is 
& gradual decrease in the slope and lowering of the pressure curves 
for vcoth the detached and the attached conditions, with an increase 
in Mach nunber. 

Within the scope of this investigation, the results indicate 
that the pressure and shoc’ wave angle at the apex of the 70° finite 
cone closely apvoroach the analytical results for the 70° infinite 
conee The conditions near the rezion of the attachment Mach number 
which were open to question from the results obtained in (Ref. 1, 
how appear to follow the, detached condition until the attachment iach 
number is reached. After attuchment, the analytical conical flow 


solution predicts the apex conditions. 


ala 


Ve CORCLIG IONS 


In gener.l the tests demonstrate that the surfuce pressure 
end the shock wive angle closely aporoach the values predicted by 
the analyticei methods in the four regimes of flow only at the apex 
of a finite cone. For the mixed flov recimes, thit is when the 
Mack number benind the shook weve at some ooint wes less than one, 
the flew is noneconical. When the Much number behind the shock is 
greater than one, tne flow is practioally conical, 

By extension, it is therefore indicuted that the analytical 
results obtained from (Ref. 2, for flow conditions other than 


those tested would be in reasonable azreenent with test results. 
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